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measured pursuant to the present invention. Applicant respectfully traverses the 
Examiner's rejection. 

It is respectfully submitted that the claimed invention is enabled. The invention 
as claimed relates to a method for measuring the total amount of intact hCG and ITA or 
the total amount of intact hCG and TTA plus the free beta form of hCG in a biological 
sample from a patient at risk for gestational trophoblastic disease or quiescent gestational 
trophoblastic disease as claimed and determining the amount of total intact hCG plus ITA 
or total hCG plus beta core plus ITA with the amount of ITA measured using an 
immunoassay which determines the selective binding of monoclonal B152 to ITA in the 
sattiple such that a diagnosis of gestational trophoblastic disease or quiescent gestational 
trophoblastic disease may be made. It is respectfully submitted that the present invention 
is enabled. 

The measurement of the amount of intact hCG„ ITA and beta core hCG as 
defined in the specification in a urine, serum or plasma sample is well known in the art. 
The approach to measuring this amount maybe through an immunoassay, or other 
commercially available hCG tests. Indeed many commercial assays measure same. This 
is discussed in significant detail in flie specification inter alia, at page 7, fourth full 
paragraph of the specification, as well as on pages 8-10. i^roaches for measuring hCG 
iii biological samples have been known for years and are well documented and routine in 
the art. The measurement of ITA as defined in the specification (containing both N- 
glycosyl linkages and O-glycosyl Unkages as indicated in tiie specification) is also well 
known in the art. Analysis can be performed by any number of techniques as described 
in the present appUcation at pages 8-10 and in particular, in an immunoassay usmg the 
mS2 antibody which is specific for ITA (and the O-glycosyl linkages of ITA as 
explained in the Valmu, et al. paper and the enclosed paper of Birken). Thus, the present 
invention relates to the measure of ITA as opposed to the N-glycosylated variant 
measured by Kobata and provides a well-known method available in the art including a 
specific monoclonal antibody B 1 52 which is specific for ITA. 
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Thus, the present invention provides all of the well-known methods for measuring 
amounts of intact hCG, beta hCG and ITA in urine, serum and plasma samples from a 
patient. The remaining steps are also well-known and are enabled. It is respectfully 
submitted that the instant claims are clearly enabled. 

Turning to the Examiner's rejection of claims 12 and 47 as being non-enabled 
(section 6 on pages 5-6), it is respectfully submitted that with the amendment to claim 12 
and in particular, to the fact that the patient to be diagnosed is a pzticnt previously 
diagnosed as having quiescent gestational trophoblastic disease or previously treated for 
an invasive gestational trophoblastic disease, it is respectfully submitted that claims 12 
and 47 are enabled and now meet the requirements of 35 U.S.C. §1 12, first paragr^h. 

Regarding the Examiner's rejection of claims 1, 2 and 6-16 (section 7, page 6 of 
the office action), it is respectfully submitted that with the amendment to the claims, 
practicing the invention as claimed is clearly enabled. Note that the ITA measured is that 
which binds to monoclonal antibody B152, the binding of which is specific for ITA and 
0-linked glycosyl residues (see the enclosed Birken article). The measurement of intact 
hCG and beta hCG is well known ui the art. The measurement of ITA using monoclonal 
antibody B152 is enabled. It is titierefore respectfully submitted that the measurement of 
hCG, beta hCG and ITA as claimed in the biological sample is enabled, inasmuch as 
measurement of hCG, beta hCG and ITA in urine, plasma or serum is relatively facile 
arid diagnosing the conditions as claimed flows directly and readily from those 
measurements. Inasmuch as the measurement of each of hCG, beta hCG and ITA as 
claimed is enabled, practicing the remaining steps of the claimed invCTition to determine 
the existence of the condition is also enabled and facile. The method now clearly reflects 
the fact that the condition is detecting the presence or absence of invasive trophoblast 
cells in a patient, not the sample. 

Regarding the argument that the claimed method is not enabled, Applicant notes 
that the amount of intact hCG and optionally, beta hCG as claimed may be measured 
using any number of methods which are available in the art and are well described in the 
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literature. In addition, as noted, commercial immunoassays may also be utilized to 
measure hCG and beta hCG and may be preferably used. These may be used directly or 
adapted with minor variation in order to obtain an amoimt of hCG in a sample. 
Antibodies are readily available commercially which may measure intact hCG and IT A, 
and optionally, beta hCG. Regarding the measurement of ITA, the preferred method for 
measuring ITA in a sample is through the use of monoclonal B152, which is readily 
available and is claimed. Thus, all of the components for practicing the invention are 
available and well known in the art, all of the steps are well known and practicing the 
method which simply relies on well known steps already known in the art using 
components which are readily available in the art evidences that the claimed method is 
clearly enabled. It is thus respectfully submitted that the presently pending claims are 
enabled. 

Turning to the Examiner's rejection of the previously pending claims 1-16 that 
thiose claims fail to meet the requiremwits of 35 U.S.C. §112, first paragraph for failing to 
provide an adequate written description. Applicants respectfully traverse the Examiner's 
rejection. The present claims now adequately directed to measuring the amount hCG 
(intact hCG plus ITA alone or in combination with beta hCG) which is measured to 
provide the presently claimed method. That is now adequately described in the 
specification and set forth in the claims. A review of the claimed subject matter and the 
specification clearly evidences that the present invention is now in compliance with the 
requirements of 35 U.S.C. § 1 12, first paragraph as related to the written description 
requirement. The present invention must be seen to be in compliance with the 
requirements of 35 U.S.C. §112, first paragraph. 

The Rejection of Claims L2. 5-16. 46 and 47 under 35 U.S.C. 6 112. First Paragraph . 

The Examiner has rejected claims 1, 2, 5-16, 46 and 47 under 35 U.S.C. §112, 
First Paragraph as not containing a written description of the invention. Applicant 
respectfiiUy submits that the instant claims comply with the requirement for written 
description. Noting that the Examiner has indicated that he accepts that there is support 
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in the specification for the use of the term "gestational trophoblastic disease". Applicant 
respectfully submits that the instant claims are now in compliance with the requirement 
of 35 U.S.C. §1 12, First Paragraph. Applicant respectfully requests the Examiner to 
withdraw his rejection on these grounds. 

The Reiection/Qbiection of Claim 12 

r 

The Examiner has objected to claim 12 because the word "determining" was 
misspelled. Appropriate correction has been made, thus obviating the Examiner's 
objection to claim 12. 

The Rejection of Claims h 2, 6-8> 10 and 11 under 3 5 U.S.C.S102fb> 

The Examiner has rejected claims 1, 2, 6-8, 10 and 11 under 35 US,C. §102(b) as 
being anticipated by Kobata, Biochemie, 1988, 70: 1575-1585 ("Kobata'*). » is the 
Examiner's continued contention that Kobata teaches a method of measuring ITA in a 
uiiine sample and on the basis of the percentage of ITA compared to the total amount of 
hCG in the sample, detecting invasive trophoblast cells if the percentage of ITA in the 
sample is greater than 30% of the total amount hCG. Applicant respectfiilly traverses the 
Examiner*s rejection. It is noted that the variant of hCG which is measured by Kobata is 
not the same as the variant measured by present invention. Indeed, it is the use of 
monoclonal antibody B152, which is specific for ITA according to the present invention, 
and the O-glycosyl residues of ITA which clearly distinguishes the present invention over 
the teachings of Kobata. 

Essentially Applicant's method is clearly patentable and not anticipated by the 
method of Kobata simply because Kobata teaches measuring a variant of hCG which is 
not ITA, as that term has been defined in the specification. In particular, Kobata is 
directed to measuring an N-linked glycosylated variant of hCG, not a glycosylated 
version of hCG containing O-linked glycosyl as in the present invention (note that ITA, 
unlike the Kobata glycosylated hCG, contains both N-linked and O-linked glycosyl 
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groups, whereas Kobata contains exclusively N-linked groups). This is explained in great 
detail in the previously submitted Valmu, et al. article and is further emphasized in the 
enclosed Birken article. Moreover, the Birken article clearly evidences that the use of 
monoclonal antibody B 152 is specific for 0-glycosyl linkages of ITA, not the N-linked 
sugars which are measured by Kobata. Inasmuch as there are a number of glycosylated 
variants, it is the type of variant which will determine the accuracy of the assay and 
whether or not invasive trophoblast cells exist in a patient. In the case of Kobata, Kobata 
is measuring N-linked glycosylated versions of hCG, not ITA of the present invention, 
which is a hyperglycosylated variant of hCG which contains both N-linked and O-linked 
glycosyl groups and which is specifically measured by monoclonal antibody Bl 52, which 
is selective and specific for the 0-glycosyl residues, and does not bind to N-glycosyl 
residues as is taught by Kobata. The present method is clearly distinguishable over 
K6bata and novel. 

Note that the definition of ITA, the O-linked glycosylated variant which is 
measured in the present invention, is set forth in the specification at page 5, in the second 
Ml paragraph. This is the variant which Applicant has focused on and to which the 
present invention is directed to measuring. This is 22£ what Kobata is measuring. The 
two types of hyperglycosylated variants of hCG, i.e., those of Kobata and those of the 
present invention, are quite distinguishable. This is clearly presented in Vahnu, et al. at 
page 1213 and in particular, in the first full paragraph bridging the first and second 
columns. That disclosure clearly evidences that Kobata is measuring an N-glycosylated 
variant of hCG, not the variant ITA of the present invention. Moreover, Vahnu, et al. 
points out that the Kobata N-glycal hCG variant could not be detected by the mass- 
miatching approach because the structures carry the same mass as ordinary biantennaryN- 
glycals. This structural feature of the hCG variant measured by Kobata makes its 
measurement difficult given its similarity in structure to related variants. This would also 
explain the relatively low accuracy of the Kobata method compared to the method of 
present application. It is clear from Valmu, et al. that the Kobata measured hCG variants 
are clearly distinguishable firom ITA, the variant measured in the present invention. See 
Valmu, et al. also at page 1216, first fiill paragraph in the left column. Given the fact that 
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the present invention and Kobata measure two distinguisliable types of glycosylated hCG 
as evidenced by the teachings of Vahnu, et al. and the teachings of Birken (enclosed), the 
method of Kobata does not anticipate the present invention. 

In contrast to the present method, Kobata only deals with and measures N-Unked 
glycosylated hCG, not the O-linked glycosylated hCG which is measured in the present 
invention. Thus, the present invention clearly distinguishes over Kobata in measuring a 
different hCG variant (known as HhCG or ITA) than Kobata, Thus, because Kobata is 
not directed to the same or identical method as the present invention (because of the 
clearly distinguishable variants which are measured in the disclosure of Kobata vs. the 
present method), Kobata does not and cannot anticipate the present invention. 

Valmu, et al. clearly shows that the O-linked glycosylated hCG variant ITA, 
which is measured in tiie present method, is distinguishable ftom the N-linked 
glycosylated hCG which is measured by Kobata, as discussed above and Birken clearly 
teaches that monoclonal antibody B152 is specific for O-linked glycosyl residues of ITA 
of the present invention. Not only does Valmu, et al. show the distinction between the N- 
Unked and O-linked glycosylated variants of hCG, but also points to the superiority of 
measuring ITA- which is the only significant and consistent change in choriocarcinoma, 
Birken clearly teaches the specificity of measuring ITA as defined in the present 
apphcation. Thus, Kobata, clearly is directed to measuring a different hCG variant and 
the disclosed method clearly does not anticipate the present invention. 

The Examiner continues to argue that AppUcant, in order to distinguish Kobata, 
recites limitations which are not in the claims. Applicants- respectfully traverse the 
Examiner's arguments. The fact that Apphcant recites ITA in the claims is a 
distinguishable limitation in the claims because ITA, which contains O-hnked glycosyl 
groups as defined in the specification and as described in Vahnu, et al., is distinguishable 
fi^om the hCG variant measured in Kobata, which is directed to a different form of 
glycosylated hCG containing N-Unked glycosyl groups. These hCG variants are clearly 
not the same and are clearly distinguishable. Given the fact that ITA and the hCG variant 
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of Kobata are distinguishable, as evidenced by the clear description in Vabnu, et al., and 
given the fact that Birken clearly teaches that monoclonal antibody B152 is specific for 
O-linked glycosyl ITA, not the hCG variant of Kobata, the present claims are not 
anticipated by the art of record and the distinguishable limitation is found in the presently 
pending claims. 

The Rejection of Claims 5 and 46 under 35 U .S.C.$103fa) 

The Examiner has rejected claims 5 and 46 as being obvious over Kobata, as 
e\«denced by Cole and Butler, J. Reproductive Medicine, June, 2002, 47: 433-444 ("Cole 
arid Butler'*) as applied to claims 1, 2, 6-8 10 and 1 1 ad further in view of Cole, et al., 
Clin, Chem,, 1997, December 2001 47: 308-315 ("Cole'*) for the reasons which are stated 
ini the office action at section 11, pages 15-16. The Examiner contends that it would have 
been obvious to one of ordinary skill in the art at the time of the invention to provide the 
invention of claims 5 and 46 given tiie teachings of Kobata and the teachings of Cole. 
Applicant respectfiilly traverses the Examiner*s rejection. 

The invention of claims 5 and 46, which are both dependent on claim 1, are 
directed to a method for measuring the total amount of intact hCG and ITA in a 
biological sample from a patient at risk for gestational trophoblastic disease or quiescent 
gestational trophoblastic disease as claimed and determining the amount of total intact 
hCG plus ITA with the amount of ITA measured using an immunoassay which 
determines the selective binding of monoclonal B152 to ITA in the sample such that a 
diagnosis of gestational trophoblastic disease or quiescent gestational trophoblastic 
disease may be made. It is respectfully submitted that the present invention is non- 
obvious over the teachings of Kobata, as evidenced by Cole and Butier and fiirtfaer in 
view of Cole. 

The teachings of Kobata are described in great detail hereinabove. It is axiomatic 
that Kobata, which teaches the measurement of variants of hCG which contain N-linked 
glycosyl residues which are not even detected by monoclonal antibody BJ32, does not 
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teach or suggest the present invention. Those clearly inadequate teachings of Kobata are 
not somehow obviated by Butler and Cole and/or Cole, each of which fails to disclose or 
suggest ITA measurement with monoclonal antibody B132 as being critical for 
determining whether or not a patient is at risk for gestational trophoblastic disease or 
quiescent gestational trophoblastic disease. Indeed, if anything, the teachings of Kobata 
arguabley teach away from the present invention inasmuch as Kobata teaches the 
measurement of a different hCG variant, not the variant which is used to diagnose 
gestational trophoblastic disease or quiescent gestational trophoblastic disease according 
to the present invention. Givra that there is no teaching or suggestion in any of Kobata, 
Cole and Butler, or Cole to measure ITA as defined in the present specification (by 
measuring O-linked glycosylation through the specific blading using monoclonal 
antibody B132), it is respectfully submitted that the present invention is non-obvious over 
the teachings of the cited art. 

For the above reasons. Applicant respectfully asserts that the claims set forth in 
the amendment to the application of the present mvention are now in compliance witti 
35 U,S.C. Applicants respectfully submit that the present application is now in 
condition for allowance and such action is earnestly solicited. 

Applicants have neither canceled nor added any claim. No fee is therefore due 
for the presentation of this amendment. A notice of appeal is being send under separate 
cover. The Commissioner is authorized to charge the $255 fee for the appeal to deposit 
account 04-0838 • If any additional fee is due or any overpayment has been made, 
please charge/credit Deposit Account No. 04-0838. 
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Should the Examiner wish to discuss the present application in an effort to 
advance its prosecution, the undersigned attorney may be reached at the telephone 
nuinber set forth hereinbelow. 



Ddted: August 27, 2008 
Enclosure (Birken Reference) 



Respectfully submitted, 
COLEMiwiuDOL 




714 Colorado Avenue 
Bridgeport, CT 06605-1601 
203-366-3560 



I hereby certify 
Examiner 
Alexandria, V/ 



Certificate of Facsimile Transmission 

is correspondence is being sent by facsimile transmission to the 
eddig, inJSfou^ Art Unit 1642 of the United States Patent Office in 
13 1 3-145/<M ^^S^t 27, 2008. 
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Abstract 

There have been a significant number of reports on the 
clinical utijiity of measurement of 'hyperglycosylated' 
Isoforms of the pregnancy hormone, human chorionic 
gonadotropin (hCG). Although there are a variety of hCG 
isoforms which can be termed 'hyperglycosylated', the 
measurements were all made using a unique antibody 
designated B152. This antibody was raised using a cho- 
riocarcmoma-derived form of hCG, which was hypergly- 
cosylated with N- and O-glycans and was also 100% 
'nicked' hGG. Antibody B152 was recently mapped to a 
linear epitope around a single O-glycan on the p-subunit 
of hCG at residue number 132. Thus, the antibody can 
only measure isoforms of hCG that possess a core 2 type 
of branched O-glycan on this portion of the hCG p-sub- 
unit. Isoforms that are hyperglycosylated in the hCG a- 
subunit or only on the N-glycans of hCGP will not be 
recognized by antibody B152. Apparently, measure- 
ments of these core 2 hCG isoforms have important clin- 
ical application In early pregnancy during which they are 
the predominant isoform of hCG until the 6th week of 
gestation. The secretory pattern of these isoforms can 
be used to predict the health status of the pregnancy in 



fertility clinics. Moreover, the measurements of these 
core 2 hCG isoforms are more useful than standard hCG 
for the prediction of Down syndrome pregnancies. The 
core 2 Isoforms are also of Important use In cancer diag- 
nosis and monitoring since their concentration appears 
to correlate with malignancy. 

" Copyright e 2005 S. Karger AG, Basel 



Background 

During the past 5 years, there has been a series of re- 
ports on the potential clinical importance of measure- 
ment of certain isoforms of hmnan chorionic gonadotro- 
pin (hCG) that have been termed 'hyperglycosylated 
hCG' or 'invasive trophoblastic antigen' (ITA) or 'early 
pregnancy isoform of hCG' [1-6]. Measurements of these 
variant forms of hCG have applications in prenatal diag- 
nosis, specifically Down syndrome [1-3, 6-12], in assess- 
ment of the health and likely success of early pregnancy 
in the fertility clinic [4, 13],'and for both diagnosis and 
management of hCG-secreting cancers [14-1 6]. The pur- 
pose of this review is to define what is known about the 
hCG isoforms beiog measured, to detail the characteris- 
tics of the antibody which is used to define these hCG 
isoforms and to describe the variety of potential clinical 
applications and complications in making these measure- 
ments. The utihty of new protein markers in tumor diag- 
nostics has been reviewed by important workshops re- 
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Rg. 1. Diagi^in showing the structuie of the p-subunit of hCG. 
Each hCG subunit is composed of thtee loops [51, 52]. HCGP con- 
tains two large N-glycans within loop I and four small O-filycans 
within the COOH-tenninal region (dashed line), which is a unique 
peptide addition not present in the hi^y homologous hLH P-sub- 
unit. The middle of loop II contains a piotease-sensitive area 
aromid residue 48 which is cleaved in the hCG produced by many 
cancer patients resulting in hCGn and free subimit hCOPn, 



ported eaiiier in this journal [17, 1 8]. While hCG and its 
subunits have long been recognized as tumor markers or 
even tumoir growth factors [17,1 9-22], the hyperglycosyl- 
ated hCG Jsoforms described in this review appear to be 
markers of both normal as well as abnormal clinical 
states. 



Development of Antibody B152 Which Defines 
These Isoforms 

The isoforms of hCG bind better to antibody B152 
than the standard WHO form of hCG (mid-pregnancy 
urinary hCG) and have been variously tenned *ITA*, 'hy- 
perglycosylated hCG' or *early pregnancy forms of hCG* 
[3, 4, 13, 23, 241. It should be understood that there is 
more thanione isoform that meets the definition of bind- 
ing to antibody B152. In order to appreciate what anti- 
body B 1 52 measures, one must review its origin and diar- 
acterization. 

About a decade ago, we collaborated with the labora- 
tory of Dr. Laurence Cole in an attempt to produce anti- 
bodies to 'nicked hCG' (hCGn) which is an isoform of 
hCG commonly observed in the urine and sometimes in 
the blood of patients with hCG-secreting tiunors and oth- 
er disorders [25-30]. hCGn is a proteolytically damaged 



132 Tumor Biol2005;26:131-141 



form of hCG which has peptide bond cleavages in its P- 
subunit between residues 43 and 49 [23, 25, 27, 29-311. 
Figure 1 shows linear drawings of hCGP which is the im- 
munological focus of this review. hCG consists of the 
common glycoprotein hormone a-subunit and the hCG- 
defining p-subunit. Both subunits have a three-loop struc- 
ture. The hCGp subunit is found as part of hCXx (nonco- 
valently bound to hCGa) as well as in free subunit form 
in patient specimens. hCGn is hCG whose |3-subunit 
(hCGpn) contains bond cleavages within loop U of hCG, 
which is shown in figure 1 , with residue 48 highlighted as 
the main r^on of cleavage in hCCPn. hCOPn combined 
with hCGa is hCGn commonly foimd ia cancer patients 
with hCG-secreting tumors. The protease-sensitive area 
of loop 11 hCGp (fig. 1) is thought to be exposed to solvent 
[25, 27, 321. Likewise, the pCOOH-terminal regk)n of 
hCG - C-terminai peptide (CTP) (fig. 1) - is also a region 
of-hCGP exposed to solvent and easily cleaved free of the 
remainder of the P-subunit. The CTP portion exists only 
on hCGP and does not exist on the highly homologous 
human luteinizing hormone (hLEI). Since this hCG pep- 
tide is absent from hLH, it has been a focus of much im- 
munologic study as an iimnunogen unique to hCG with- 
out the possibility of producing an antibody which has 
raossreaction to hLH, resulting in generation of assays 
specific to hCG in the presence of hLH [33-35]. hCGPcf 
(which is a degradation product consisting of half of the 
hCGp molecule, namely disulfide-linked residues 6-40 
coupled by disulfide bridges to 55-92) is the main urinary 
metabolite of hCG and found at hi^ concentrations in 
the urine of pregnant women as well as the urine of cancer 
patients with hCG-secretiag malignancies [32, 361- This 
hCGp mrtaboUte is not recognized at all by antibody 
B152 and is therefore not a subject of this review. 

The purpose of the attempt to produce monoclonal 
antibodies to hGX3n was to develop immunoassays to an- 
alyze the expression of this form of hCG in the blood and 
urine of cancer patients. Monoclonal antibodies were de- 
veloped at Columbia usmg an hCG isoform isolated firom 
a patient with choriocarcinoma in Larry Cole's labora- 
tory at Yale University [23, 37]. This hCG isoform, 
named preparation C5, was unusual, even for a cancer 
patient, as in addition to hyperglycosylated (tri- and tetra- 
antennary) N-glycans, its O-gJycan structures were 100% 
core 2 (fig. 2) in structure mther than mostly core 1 gly- 
cans as is the case for the WHO hCG standard made firom 
midrpregnancy urine [37]. Figure 1 shows that hCGp has 
both two N-linked glycans and four O-linked glycans, the 
latter all located on the CTP portion of hCGp, Figure 2 
shows the nature of the difference between the linear core 
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Rg. 2. ComptosoB of the structures of core 1 sugar core present in 
staadard ^Ilid-^pregnancy hCG and core 2 sugar core present in ear- 
ly piegnazicy hOG and some cancers which produce hCG. The 
core 2 sugar contains a branch introduced by the CHcNac transfer- 
ase C2GnT as shown. The core 2 sugar structure is part of the spe- 
cific epitope site recognized by antibody B 1 5 2. This figure was mod- 
ified from Birken et aL [43] with permission of Elsevier, © 2003. 



I O-glycan structure and the branched core 2 O-glycan 
structure which was elaborated by the activity of the 
transferase C2GnT [38-40]. It was known a number of 
years earlier from the chemical analyses of Kobata's lab- 
oratory that mid-pregnancy hCGp was about 90% core 1 
and 10% core 2, while invasive mole hCG and choriocar- 
cinoma hCG were much higiher in core 2 structure [41], 
as shown in figure 3. The choriocarcinoma hCG C5 was 
100% hCGn and also fortuitously contained essentially 
100% of the core 2 structure [37, 39. 40]. 

Two monoclonal antibodies were selected on the basis 
of high affinity to the choriocarcinoma hCGn C5, B151 
and Bl 52. It was found that while antibody B151 did in- 
deed preferentially bind to hCGn, both choriocarcinoma 
hCGn and ptcgasncy hCGn, B152 preferentially bound 
to chorioc£(rcinoma hCGn but much less to pregnancy 
hCGn [4, 23], These characterization experiments are il- 
lustrated in figure 4. Since the main difference between 
the choriocarcinoma hCGn immunogen C5 which is 
100%nick6dand hCGn of mid-pregnancy urine which is 
also 100% nicked is carbohydrate differences, it was clear 
that Bl 5 1 was direrted towards the new epitope that ap- 
peared upon nicking or cleavage of hCGP in the 43-49 
region, whiieB152 was oblivious towards this epitope but 
recognized: an as yet undefined carbohydrate difference 
between thte two isofonns of hCG. 



Hyperglycosylated hCG Isofonns 
Measured by Antibody B 1 52 




ng. 3- Comparisons of the relative molar ratios of the presence of 
core 1 compared with core 2 sugars as determined by chemical 
analysis of pools of hCG extracted from normal mid-pregnancy 
urine (nonnal), urine bom a woman with an invasive hydatidiform 
mole pregnancy (invasive mole) and urine from a woman with cho- 
riocarcinoma (choriocarcinoma). This study by Amano et aL [41] 
indicated the association of core 2 biosynthesis with malignancy, 
and this trend agrees with measurements made by antibody B152 
which is specific to hCG which contains core 2 O-glycan. 



Antibody competition experiments soon indicated 
that hCG molecules captured by B152 could not be si- 
multaneously bound by detection antibodies directed to 
the CTP region of hCGp as welL This indicated that its 
epitope was lilcely close to or within the CTP ^-region. 
Based on studies over the past two decades, the CTP re- 
gion of hCG is thought to be quite exposed to solvent, to 
have a mobile structure and is known to usually induce 
linear rather than conformational antibodies [33, 35]. 
This result was found whether synthetic peptide analogs 
or natural CTP conjugated to carrier proteins were em- 
ployed as immunogens [33, 42]. Consequently, a sunple 
dot blot experiment was performed to test whether B152 
was directed to a conformational or a linear epitope by 
spotting hCG^ and reduced, denatured hCGp as well as 
similarly treated C5 choriocarcinoma hCG on a polyvi- 
nylidene fluoride blotting membrane; then, each of the 
spots was reacted with either known conformationally 
directed hCGP antibodies or linearly directed hCG anti- 
bodies [13], This experiment is shown in figure 5. Anti- 
bodies B201 and B207 are both directed to conforma- 
tional-dependent epitopes in hCGp which is clearly 
shown in the dot blots in which only the native foraas of 
both hCG isoforms hCGp and C5 are darkly stained, 
while the reduced forms are very faint In contrast, the 
opposite is observed when staining with a linearly direct- 
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Fig. 4, a Dose-response curves of antibody B151 in a liquid-phase 
radioiinnnmoassay using radiolabeled C5 choriocarcinoma hCGn 
which is 1 00% hCGn and hyperglycosylaled on both N- and O-^y- 
cans and unlabeled competitors: C5 choriocarcinoma hCG, hCGn 
(WHO standi 99/642) [46. 47] and standard hCG (WHO 99/688) 
[4, 47]. This study indicates that B151 can differeaitiate forms of 
hCGn regardless of their carbohydrate diiBFerences. hCGn is stan- 
dard in carbdhydrate content while C5 choiiocaiciDoma hCGn is 
termed "hyp^ycosylatcd*. b Dos&roponse curves of antibody 



B 152 in a liquid-phase radioimmunoassay using radiolabeled C5 
choriocarcinoma hCGn which is 100% hCGn and unlabeled com- 
petitors: C5 choriocaicinomahCG. hCGn(WHO standard 99/642) 
and standard hCG (WHO 99/688) [46, 47], Since standard bCG 
and standard hCGn both compete poorly and only choiiocarcino- 
ma hCGn competes well, this study implies that HI 52 is directed 
to carbohydrate differences (choriocarcinoma hCG is hypetglyco- 
sylated) rather than to differences based on nicking of hCG. 



Rg. S. Del blot study of staining of standard hCGp and of chorio- 
caicinoma hCGn with four monoclonal antibodies. Antibodies 
B20 1 and B207 were known to be oonfo n n at io n al ly directed, while 
antibody CTPIOS was made to synthetic peptide and is likely to be 
a linearly directed antibody. "Diese were con^aied with antibody 
B152 (7) to ascertainif it was conformationally or linearly directed. 
The dot^lotted proteins were hCGP (lot 863 which is identical to 
WHO 99/650) [46, 47] and C5 choriocarcinoma bCGn which were 
both spotted in reduced (R) or native (N) states (boiled in SDS 
buffer with or without reductant). It is clear that confoimationally 
directed antibodies mainly or solely stain native hCG forms while 
the linearly directed antibody (CTP103) mamly stains the reduced 
form. From this Study, B152 appears to be a lineariy directed anti- 
body since it prefers to stain reduced hCG forms very similar to 
CTP 103. This illustration is a modification of a figure published by 
Kovalcvskaya et al. [13], © Society for Endocrinology (2002). Mod- 
ified with petmission. 
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ed CTP antibody (CTP103), made to a synthetic peptide 
analog of tihe CTP, which stains the reduced form well 
but not the native molecules. B152 reacts similarly to 
CTP 103; thus, one can conclude that B 152 is likely di- 
rected to a linear portion of the molecule. 

Figure 6 shows Uquid-phase dose-response curves for 
antibody B152 using radiolabeled C5 choriocarcinoma 
hCG immunogen and a variety of unlabeled competitor 



forms of hCG and hCGp [23]. As expected, C5 hCGnand 
C5 hCGnP compete well, as the immunogen for the an- 
tibody. The group of curves on the right side of the graph 
are all derived from mid-pregnancy urine hCG, and all 
contain only about 10% of the hi^ sugar forms recog- 
nized by B152. However, it is clear that even free CTP is 
active in this study, as well as completely reduced and 
alkylated hCOP and desialylated forms of hCG|3 [23]. 
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Fig. 6. Liquid-phase dose-response curves for antibody B152 and 
radiolabeled C5 choriocarcinoma hCGn. Unlabeled competitors 
were C5 choifiocarcinoma hCGn 'and C5 hCGpn, both of which 
contain 100% core 2 Ogjycans specifically recognized by antibody 
B152. All other competitors were derived from standard hCG 
which contains 10-15% core 2 O^ycans with the majority of mol- 
ecules containinf core 1 O-glycans; reduced carboxymethjdated-p 
01CMP), hCGP» hCG, COOH-tominal hCG natural peptides of 



le^dues 12W45 and 115-145 (CTP), desialylated RCM? (asialo, 
RCM hCGP) and dcsialylated P (asialo, hCOP). All standard ma^ 
teriflls were much less potent in this assay since they contain only 
10-15% core 2 type O-^ycans compared with C5 dmriocaicmoroa 
hCGn molecules which are 100% core 2 in structure. This study 
indicates that the main B152 epitopes are contained in the free 
COOHpeptides and that reduction of the molecules or desialylation 
makes httle difference in antibody recognition. 



Later, more detailed epitope mapping studies perfomed 
in collaboration with Dr. WilliaraMoyle who constructed 
a series of recombinant hCG analogs with single deletions 
of each of the O-gJycan groups (by substituting Ala for 
Ser) permitted mapping of the main glycan-binding re- 
gions of Bli52 to p-scrine 132 [43] (fig. 7). When the O- 
glycan at serine 132 is not present, Bl 52 fails to bind to 
hCXj, whereas removal of the other glycan sites have no 
effect on binding. A monoclonal antibody developed ear- 
lier using natural mid-pregnancy hCG CTP conjugated 
to a carrier protein, CJrP104, proved to be directed more 
distally to the last Oglycan region (fig. 7) [43]. Of course, 
both antibodies are specific to hCG and thus recognize 
part of the CTP chain along with the glycan. Neither an- 
tibody exhibits significant background binding to either 
urine or blbod matrix. 

B 1 52 is remarkably specific in terms of its requirement 
for the core 2 type O-glycan structure of the hCG isoform. 
This was found by an experiment shown in figure 8 which 
involved the use of immobilized B152 and immobilized 
CTP 1 04, both attached to a matrix of Biorad Affi-Gel 10. 
In this experiment, new immobilized B 152 and CTP 104 



Hyperglycosylated hCG Isoforms 
Measured by Antibody B152 




Fig. 7. Approximate location of the epitopes of antibodies B152 
and CTP104 on the CTP portion of hCGp. B152 binds in the area 
of theO-glycan onresidue 132 of the p-subunit. It also requires that 
this glycan be of the core 2 type of sugar structure (fig 2). CrP104 
binds around 0-g!ycan on residue 138 but will bind to either 
core 1 01 core 2 Ogb^can stmctures. p-iesidue numbers are indi- 
cated. This figure is reproduced from Birkcn et aL [43] with pennis- 
sion of Elsevier, ® 2003. 
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Fig. 8. Immunoaf&iity study comparing 
hCG isofoimi extraction differences by im- 
mobilized CTP104 and B152 colunms. 
Each extract indicated in the figure - early, 
pregnancy urine (EPU), human pitaitary 
aqueous extract and postmenopausal urine 
concentrate was divided mto two equal 
portions, loaded and then eluted from each 
column (x-^s shows fraction numbers as 
eluted from the gel filtration columns). 
Next, the elu&nts were gel filtered and each 
ficaction was assayed by both the B109- 
BZO?* and the B1S2-B207* assays. The ar- 
eas under th6 curves £a>r total hCG (B109- 
B2O7'*0 and the relative amoxmtof hCG ex- 
tracted by either B152 or CrP104 were 
calculated asia peicentile by calculating the 
total areas under the carves for both extrac- 
tions as equal to 100%. The ratios of B152/ 
B 1 09 indicatfed whether the hCG predomi- 
nantly was the hyperglycosylated B 1 52 core 
2 isoform of hCG. It was found that the par- 
ticular first trimester pregnancy urine pool 
used in this study appeared to contain 22% 
core 2 hCG^ while pituitary extracts and 
postmenopausal urine hCG (also pituitary) 
contained oilly 5-8% of this fonn. CrP104 
extracted a ndixture of both core 1 and core 
2 hCG isofonns. Tias figure is modified 
from Birktti ct al. [43], with permission of 
Elsevier, ©2003. 
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gels (never used before) were divided into six x>oitions. 
Likewise, three starting materials (an early pregnancy 
urine pool^ an aqueous human pituitary extract pool and 
a postmenopausal urine pool) were each precisely divided 
in two, and each portion was absorbed and then eluted 
from the both previously unused immunoaffinity matri- 
ces. The hCG isofonns were quantified fraction by firac- 
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tion by two assays: B 1 52, which measured the core 2 type 
isoforms, and B109, which measured total hCG present. 
Calculations showed that a pool of early pregnancy urine 
(weeks 3-8) contained about 22% of the core 2 isofonns 
and the remainder was standard core 1 hCG [43]. This 
pool contained a significant quantity of standard hCG 
isoforms because it extended b^ond week 6, as will be 



Bukea 



PACE 20/25 * RCVD AT 8/27/2008 1:44:08 PM [Eastern Daylight Time] * SVR:USPTO-EFXRF-5/33 * DNIS:2738300 * CSID:203335680fl * DURATION (mm-ss):11.22 



08/27/2008 14:02 FAX 2033356899 COLEIIAN SUDOL SAPONE PC @021 



described later. This experiment also showed that pitu- 
itary tissue extract contained only 5% of the isoform rec- 
ognized by B152, and postmenopausal urine contained 
only 8% of this isoform (the latter two sources should be 
about the stole, since all postmenopausal hCG should 
derive from! the pituitary unless the patient has an hCG- 
secreting malignancy). While the CTP of pituitary hCG 
has not yetibeen characterized in detail [44], the great 
specificity of B 152 is clear from this experiment, shice 
even at very hi gh hCG concentrations, only the specific 
B 1 5 2-recogiiized isoform binds to the antibody. This con- 
clusion is possible siace all the hCG eluted from the B 1 5 2 
column displayed a high B152/B109 ratio indicative of 
the core 2 hCG isoform, while the hCG eluted from the 
CTP 104 column was a mixture of both isoforms. In ad- 
dition, the |)ituitary and postmenopausal hCG was only 
poorly boimd by B 1 52 despite its high concentration, 
while CTP 104 essentially bound all the pituitary and 
postmenopausal xuinary hCG in the sample. 

Forms of 'Hyperglycosylated' hCG Recognized 
by Antibody B152 

All of the cepoits on immunological measurements of 
hyperglyco^lated hCG during the past several years have 
employed £totibody B152, since this is the only antibody 
reported to detect such molecules. One must realize in 
this case that the antibody is defining the isoforms being 
termed *hyperglycosyiated', and this definition is very 
narrow due to the specificity of the antibody. Since B152 
recognizes a very small portion of the hCG molecule^ 
namely the region around P-residue 132, we considered 
the other isoforms present and which would or would not 
be measured by B 1 52, Some possible structures are shown 
in figure 9i Two forms are shown that have standard 
core 1 0-glycans at residue 132 (isoforms A and B). These 
would not be measured by B152. However, an isoform 
with extra Carbohydrate at its N-groups is clearly a form 
of hyperglycosylated hCG but would not be included as 
a Bl52-recDgnized hyperglycosylated hCG isoform (fig. 
9, isoform B). Likewise, the 3rd isofonn in figure 9 (iso- 
foim C) would bind to B 152 but may have standard bi- 
antennary N-glycan groups and does not resemble the C5 
immunogen which is fully hyperglycosylated on both N- 
and 0-glycan groups. Therefore, the reference to mea- 
surement of ^hyperglycosylated hCG* or *ITA' or other 
similar names that imply a single type of isoform is mis- 
leading. Until the various isoforms of hCG are isolated 
and characterized &om both pregnancy as well as cancer 




fEg. 9. Comparison of some of the various possible isoforms of the 
p-subunit ofhCG which would form part of hyperglycosylateclliCG 
and indicates the very small region of the molecule that forms the 
epitopes of antibodies B152 and CTP104. Only changes in these 
epitope regions would effect recognition of each isoform by these 
antibodies directed to small, linear regions of hCOp. Isoform A 
contains biantennary N-glycans and core 1 O-glycans and is the 
predominant hCGp isoform of standard mid-pr^nancy hCG. Iso- 
form B has hypcrglycos^ated tri- and tclta-antennary N-glycans 
but standard core I O-glycans. Isoforms A and B are not recognized 
by antibody B152 but would be measured by antibody CTP104 
which recognizes aD the isoforms shown in this figure, Hyperglyco- 
sylated hCG with isoform B structure would not be recognized by 
antibody B 152 as a hypexgjlycosylated isoform. Isoforms C andD 
are recognized by antibody B 152. Isoform C with standard bianten- 
nary N-glycans but hyperglycosylated core 2 O-glycans would be 
recognized by antibody B152 as a hyperglycosylated hCG and may 
be one type existent in eariy pregnancy. Isoform D is the immuno- 
gen used to produced B 1 52 and was derived from an unusual cho- 
riocarcmoma hCGn which was both 100% nicked and fully hyper- 
^ycosylaied at both N- and O-glycans, meaning N-giycans were 
tii- or tetra-antennary and O-gtycans were core 2 structures. 



patients and the reactivity of each isoform with B 152 is 
defined, it may be best to refer to isofonns measured by 
B152 simply as B132-recognized hCG isoforms or core 2 
containing hCG isoforms. 



Measuring Core 2 hCG Isoforms 

Currently, there is no accepted standard for use of an- 
tibody B152. Part of the reason is apparent in figure 9. 
B152 can measure any hCG isofonn which contains a 
core 2 glycan structure on P-residue 132. What then is an 
appropriate standard? Clearly, the immunogen itself 



Hyperglycosylated hCG Isofonns 
Measured by Antibody B132 
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Fig. 10. Measurement of B152-recogni2ed forms of hCG during 
eady pregnaiicy by use of the ratio measurement technique of di- 
viding molarity of B152 measurement by those of B109 total hCG 
measurements when both assays are read off the same WHO stan- 
dard hCG curve. High ratios indicate most or all of the hCG which 
is the core 2 type recognized by B15Z This form declines dranaati^ 
calty staiting at about 6 weeks of pregnancy and is very low in the 
second and third trimester. This figure is reproduced from Kova- 
Icvskaya et all [4]» © Society of Endocrinology (1999). Reproduced 
with pennission. 



which was isolated from a choriocarcinoma patient is not 
an appropriate standard since it has peptide bond cleav- 
ages withiii loop n (a forni of hCGn) and also hypergjy- 
cosylated N-glycans, typical of many cancer tumor-pro- 
duced bCG isoforms. In 1998, O'Connor et al. [45] 
showed forithe first time that hCGproduced in early preg- 
nancy contained a hi^ proportion of hCG with strong 
affinity to B 152 (they called it *eaxly pregnancy' hCG). 
Early pregiiancy hCG may be a better standard for mea- 
surement of these isoforms in pregnancy. However, only 
low concentrations of hCG are produced during early 
pregnancy and this would be an obstacle in producing an 
adequate standard. Currently, the media products of var- 
ious hCG-secreting cell lines are being investigated as po- 
tential suitable standard molecule even though these mol- 
ecules may not be identical in structures to those foutnd 
in the variety of patient specimens to be measured from 
healthy pregnancies to diseased pregiancies to cancer pa- 
tients. Such a tissue culture-produced standard may pres- 
ent the best compromise standard for measurement of 
isoforms recognized by B 152 since it can be produced as 
a large lot of well-characterized material, and as such, can 
be proposed as a WHO standard and assigned proper 
molar units for immunoassay. In Birken et al. [43], it was 



shown that the current WHO hCG 1st IRP for immuno- 
assay [46, 47] may be used as a standard if a scavenger 
type approach to measurement is employed. That paper 
showed that B 1 52 is essentially completely specific for the 
core 2 hCG isoform of hCG and thus can be used to com- 
pete out binding of one of the other PCTP antibodies to 
detennine the fSraction of the core 2 isoform present. (Ex- 
cess B152 was added in doses even up to several micro- 
grams per Elisa plate well containing a sandwich of hCG 
in which the second antibody was CnPl04, which binds 
both core 1 and core 2 O-glycan forms of hCG. Aconstant 
fraction of CTP104 was competed off the hCG no matter 
how much B152 was added to the welL) Since the CTP 
antibodies (CTP103 and CTPKM) can be used to deter- 
mine the actual molar quantity of hCG present, the pre- 
cise molar quantity of the core 2 isoform can be calcu- 
lated by multiplying the concentration of hCG measured 
by CTP104 by the fraction of labeled CTP104 comjpeted 
off the sandwich by the excess B152 added to the weU. 
For example, if the CTP104 assay measures 1 nmol of 
total hCG present/ml, and 20% of the radiolabeled 
CTP 104 is competed off the bound hCG isoform by ex- 
cess B152, then 0.2 nmol/ml of the B152 core 2 hCG iso- 
form is present in the specimen [43]. Alternatively, we 
have been using a semiquantitative ratio approach using 
the current WHO hCG standard and two measurements^ 
one using B 1 52 and one using a total hCG measurement 
system, A high ratio semiquantitatively indicated the 
presence of a high proportion of core 2 or hyperglycosyl- 
ated hCG isoforms as shown in figure 10, a study on the 
occunence of the isoform in early pregnancy {4]. 



Cllnical Applications of Antibody B152 

Prediction of the Health of Early Pregnancies 
Studies conducted at Columbia utilized the core 2 
hCG isoform measurements by the B 1 52 ratio technique 
intheurineof pregnant women. The WHO hCG standard 
[46, 47] is used and each sample is measured with both 
the B152 assay and the general total hCG assay (using 
antibody B 109). Next, the result of B 1 52 measurement is 
divided by the result for B 109 giving a relative proportion 
of B152 core 2 hCG isoforms present as a pure number. 
These Bl 52-recognized core 2 hCG isoforms are present 
at very high levels very eariy in pregnancy and then de- 
cline to the concentrations found in standard mid-pr^- 
nancy hCG (i.e. the WHO standard) by weeks 8-10 (fig. 
10) [4]. The higher the ratio number, the larger the rela- 
tive quantity of the core 2 isoform recognized by B 1 52 is 
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present. Gefcierally, a ratio of 0.5 or greater indicates that 
a significant quantity of the B152-recognized isofonn is 
present Ratios as high as 10 were observed in the study 
shown in figure 10. Furtheraaore, it was shown that com- 
parisons of ' these measurements between those women 
whose pregnancy advanced in a healthy manner com- 
pared with those who lost the pregnancy early allowed 
prediction of which pregnancy was likely to proceed in a 
healthy fashion [13]. Thus, the B 1 52 assay provides pre- 
diction of the normal progress of the jjregnancy. 

Prediction of Down Syndrome Pregnancy 
The laboratories of L. Cole as well as that of Nichols 
Institute Diagnostics (which produces a commercial mea- 
surement system based on HI 52 on its 'Advantage' auto- 
mated platform) and Palomaki at the Blood Foundation 
have done a series of studies showing that measurement 
of the core 2 hCG isoforms by B 152 can provide an im- 
proved Down syndrome screening test over that obtained 
using standard hCG isoform measurements [3, 7-12]. 
This finding may relate to the correspondence of secretion 
of these early pregnancy isoforms with the state of differ- 
entiation of the placenta. There are some reports that the 
placenta of Down syndrome pregnancies is less well dif- 
ferentiated compared with healthy pregnancies [48, 49]. 
In the expeiriments based on the analysis of media from 
cultured placental cytotrophoblasts and syncytiotropho- 
blasts, it has been foimd that the core 2 hCG isoforms 
appear to be produced by cytotrophoblasts and not by 
syncytiotrophoblasts [5]. A combination hCG test which 
measures both total standard hCG and the core 2 iso- 
forms measured by antibody B1S2 would be useful in 
adding additional information to the health of the preg- 
nancy. 




Rg. 11- ninstiation of the sudden, rise in measurement of core 2 
hypeiglycqsylated forms of hCG (here termed ITA* and measured 
directly using C5 choriocarcinoma hCGn as standard) in three 
groups of patients being monitored for possible gestational tropho- 
blastic disease. Group 1 includes patients without invasive disease 
but Yiho continue to produce hCG at low but stiQ abnormal con- 
centrations after a pregnancy with a hydatidiform mole. Patients 
in group 1 produce little core 2 type hCG isoform CTTA). Group 2 
are those patients from group 1 who suddenly begin to produce 
mostly hyperglycosylated hCX3 (core 2 hCG) indicating conversion 
of residual trophoblast cells to a more malignant state. Group 3 
represents those patients with overt iavasive choriocarcinoma. 
This study illustrates that the degree of malignancy may correlate 
with the production of the^ hCG isoforms. The sudden change to 
core 2 hCG isoforms as measured by B152 correlated with the sud- 
den rise of hCG concentrations, especially in patients of group 2 
who had earlier displayed very low detectable total hCG before a 
sudden rise in concentration that correlated to a sudden rise in 
core 2 hCG isofonn or 'ITA' content. This figure is reprinted from 
Khanlian et aL [50] with pamission of Elsevier, © 2003. 



Applications to Diagnosis and Monitoring of 

hCGSecreting Cancers 

Since most hCG-secreting cancers produce significant 
quantities of the BlSZ-recognizedhCG isoforms (chorio- 
carcinomaihCG was the immunogen for the antibody), 
applications of the assay are important for enhanced and 
advanced diagnosis and monitoring of therapy for such 
diseases [24, 50]. In fact, in situations in which women 
continue to produce very low but abnormal concentra- 
tions of hCG long after a pregnancy, especially a preg- 
nancy with a hydatidiform mole, this assay has an impor- 
tant appliciation. It was shovm by Cole that a sudden con- 
version of the secreted hCG to mostly the core 2 isoform 
was associated with a change to a more malignant condi- 
tion requiring treatment [50] (fig. 1 1). 



Hyperglycosylated hCG Isoforms 
Measured by Antibody B 152 



Conclusions 

The fortuitous development of antibody B152 which 
recognizes one small linear region of hCGP around resi- 
due 132, which contains a core 2 type of O-linked glycan 
instead of the usual predominant core 1 O-linked glycan 
present on the WHO standard mid-pregnancy isoform of 
hCG [46, 47], has led to the discovery of a number of 
clinical diagnostic txses for measurement of these *hyper- 
glycosylated' hCG isoforms. Apparently, these isoforms 
are naturally produced mainly in early pregnancy up to 
week 6 and are produced by cytotrophoblast ceils leading 
one group to term the isoforms *invasive trophoblastic 
antigen' or TTA'. A more appropriate nomenclature may 
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be the core 2-contaiiiing hCG isofoims, which appear to 
be very specifically measured by antibody B152. These 
isoforms have a major diagnostic application for patients 
with hCG-secreting cancers for which the degree of ma- 
lignancy may be related to the percentage of this isoform 
produced by the malignant tissue. In addition, pregnan- 
cy-related applications include unproved testing for 
Down syndrome and better prediction of the success of 
early pregniuicy in fertility clioics. In smnmary, a whole 
previously unappreciated area of hCG diagnostic mea- 



surement has been opened by the development and ap- 
plication of the unique antibody B 152 to quantify hCG 
isoforms which contain core 2 sugars on the COOH-ter- 
minal portion of the hCG (5-subunit. 
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